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Abstract 
With rapid development of cloud computing, data storage requirements from end-users are growing, demanding more 
capacity, more reliability and the capability to access information from anywhere. Cloud storage services meet this 
demand by providing transparent and reliable storage solutions. This paper proposes an efficient cloud storage mode 
for heterogeneous cloud infrastructures. The proposed model was verified and extensively tested with numerical 
examples. 
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1. Introduction
Cloud computing is becoming an adoptable technology for many of the organizations with its dynamic 
scalability and usage of virtualized resources as a service through the Internet [1]. Cloud computing, as an 
emerging computing paradigm, enables users to remotely store their data in a cloud, so as to enjoy 
services on-demand. Cloud computing describes a new Internet-based IT services to increase the use and 
delivery model, usually involving the Internet to provide dynamic and scalable and often virtualized 
resources [2].  Fig.1 shows the structure of cloud computing. 
Cloud is the enormous computing network automatically split into numerous smaller subroutines, and 
then by multiple server systems consisting of a large search, calculation and analysis after the results back 
to the user. With this technology, the remote service provider can in a few seconds to reach tens of 
millions or even deal with billions of dollars of information to and the "super computer" the same 
powerful performance of network services [3]. It will likely have a significant impact on the mass storage 
in the future. Nowadays, the term “cloud computing” has been an important term in the world of 
Information Technology (IT). 
With rapid development of cloud computing, more and more enterprises will outsource their sensitive 
data for sharing in a cloud. To keep the shared data legal against untrusted cloud service providers, a 
natural way is to store only the encrypted data in a cloud. The key problems of this approach include 
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establishing access control for the encrypted data, and revoking the access rights from users when they are 
no longer authorized to access the encrypted data. 
Fig. 1. Cloud computing 
In recent years, with the cloud computing and Software as a Service (SaaS) the rise of cloud storage 
into information storage area of a hotspot. Compared with traditional storage, cloud storage is not just 
hardware, but network equipment, storage equipment, servers, applications, public access interface, the 
access network and the client program and other parts of the system. Cloud storage is provided storage 
services, storage services through the network data stored in local storage service provider (SSP) to 
provide online storage space [4]. Need to store the service users no longer need to build their own data 
centers, storage services only apply to the SSP, thus avoiding the duplication storage platform, saving the 
expensive hardware and software infrastructure investments. Rapid growth in the cloud storage market 
context, the use of Scale out architecture of clustered storage systems to obtain a larger space for 
development. 
With cloud storage to accelerate growth showing a surprising trend, more traditional dual-controller 
storage controller or, when capacity and performance expansion, it is often only a simple increase in the 
number of back-end disk when the disk to a certain number of when the front-end controller, the 
backplane can not follow the expansion, the formation of a performance bottleneck. Traditional storage 
architecture is characterized by: usually with a single powerful, comprehensive, complete and have 
personalized slightly expensive computing resources. But the overall structure is not easy to adopt new 
technologies or external, and when the whole system to a certain extent, the need to carefully match the 
calculation of the current system resources, not very easy to achieve the overall expansion of the entire 
system [5]. Cloud storage in the cloud computing, and developed an extension of the concept of a new 
concept, refers to the application through the cluster, grid or distributed file systems and other functions, 
the network in a large variety of different types of storage devices together through the application of 
software work together to provide outside access to data storage and business functions of a system. 
Cloud storage is applied through the cluster, grid or distributed file systems and other functions, the 
network in a large variety of different types of storage devices through the application of software work 
together, a common external data storage and access capabilities of a business data storage and 
management as the core of the cloud computing system. 
Current cloud storage infrastructures are focused on providing users with easy interfaces and high 
performance services. However, there are some classes of storage services for which the current cloud 
model may not fit well. The main objective of this paper is to propose an efficient cloud storage mode for 
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heterogeneous cloud infrastructures. The proposed model was verified and extensively tested with 
numerical examples. The rest of this paper is organized as follows: We begin with a discussion of related 
work in Section 2, and proposes an efficient cloud storage mode for heterogeneous cloud infrastructures in 
Section 3. Finally, we conclude this paper in Section 4. 
2. Related works 
Cloud computing is a kind of computing which is highly scalable and use virtualized resources that can 
be shared by the users. Cloud Computing is currently one of the new technology trends will likely have a 
significant impact on mass storage. Many of the previous work in the field of cloud computing have been 
in the areas of new technologies, general explanation of the cloud technology, differences among similar 
technologies, security requirements and the future expectations in these emerging environments. Different 
works have proposed distributed data Storage infrastructures, some built on grid infrastructures [6]. In 
[7]storage systems focused on reaching this theoretical limit by balancing costs among peers  and 
designing redundancy schemes able to provide better communication-storage trade-offs. In [8] considered 
node heterogeneities in grid storage systems. 
Cloud provides the opportunity of flexibility and adaptability to use the computing resources on-
demand. Numerous ‘Storage Cloud’ providers have recently emerged that can provide Internet-enabled 
content storage and delivery capabilities in several continents, offering service level agreement backed 
performance and uptime promises for their services. These emerging services have reduced the cost of 
content storage and delivery by several orders of magnitude. The recent emergence of ‘Storage Cloud’ 
providers has tantalized content creators with content storage and delivery capabilities that were 
previously only obtainable by those who could afford expensive content delivery networks, such as 
Akamai and Mirror Image. However, they can be daunting to use for non-developers, as each service is 
best utilized via specific web services or programmer API’s, and have their own unique quirks. 
Furthermore, these ‘Storage Cloud’ providers are merely basic storage services, and do not offer the 
capabilities of a fully featured CDN such as intelligent replica placement, automatic replication, failover, 
load redirection and load balancing. 
In March 2006, Amazon launched Elastic Compute Cloud (EC2) service. August 9, 2006, Google 
chief executive Eric Schmidt in the search engine of the General Assembly first proposed the "cloud 
computing" concept. Google "cloud computing" from the Google engineer Christopher made "Google 
101" project. In October 2007, Google and IBM in the U.S. college campuses, including Carnegie Mellon 
University, MIT, Stanford University, University of California, Berkeley and University of Maryland, etc., 
to promote cloud computing program, which hope to reduce the distributed computing technology in 
academic research costs, and these universities to provide relevant software and hardware equipment and 
technical support. And students can develop through the network based on the large-scale computing 
research program. January 30, 2008, Google announced the launch in Taiwan, "cloud computing 
academic program", the Taiwan National Taiwan University, National Tung University and other schools, 
cooperation, this kind of advanced large-scale, fast computing technology to the campus. 
July 29, 2008, Yahoo, Hewlett-Packard and Intel announced a cover the United States, Germany and 
Singapore, a joint research program, launched cloud computing research test bed to promote cloud 
computing. The plan with partners to create six data centers as a research test bed, each data center 
configuration 1400-4000 processor. These partners include the Noncom Development Authority of 
Singapore, University of Karlsruhe, Germany Computing Center, and University of Illinois Champaign 
campus, Intel Research, HP Labs and Yahoo. August 3, 2008, the U.S. Patent and Trademark Office Web 
site information, Dell is applying for "cloud computing" mark, a move designed to strengthen the 
technical architecture of the future may reshape the terms of the control. Dell said in the application file, 
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cloud computing is "data centers and mega-scale computing environments for others to provide custom 
computer hardware manufacturing." March 5, 2010, Novell and Cloud Security Alliance (CSA) 
announced a vendor-neutral program, called "trusted cloud computing initiative ". July 2010, the National 
Aeronautics and Space Administration and including Rack space, AMD, Intel, Dell and other support 
companies, announced Open Stack "open-source programs, Microsoft said in October 2010 Open Stack 
and support the integration of Windows Server 2008 R2. 
3. Cloud storage system architecture model 
Most of the cloud computing infrastructure is transmitted through a reliable data center services and 
create different levels on the server virtualization technology, consisting of. It can be any place to provide 
network infrastructure to use these services[9]. "Cloud" usually presents the computing needs of all users 
a single access point. Cloud storage is the core software applications combined with the storage device, 
through the application software to achieve the storage service to store the changes. Compared with 
traditional storage, cloud storage is not just hardware, but network equipment, storage equipment, servers, 
applications, public access interface, the access network, and client and other components of the complex 
system. Various parts of the storage device as the core, through the application of external software to 
provide data storage and business access services. Cloud storage system architecture model consists of 
four layers. 
(1) Storage layer: Storage layer is the most basic part of the cloud storage. FC storage devices can be 
Fiber Channel storage devices can be IP NAS and storage devices, etc., can also be a SCSI or SAS 
storage devices such as DAS. Cloud storage is often a huge number of storage devices and the 
distribution of many different regions, each other through wide area network, Internet or FC Fiber 
Channel networks together. Cloud storage system offers a variety of external storage services, services of 
data stored in a unified cloud storage system to form a huge data pool. Most of the background data from 
the network services organization, the traditional single-server based data organization difficult to meet 
the wide area network for multi-user throughput performance and storage capacity requirements. In 
contrast, the data storage servers based on multi-organizational approach to better meet the needs of the 
application of online storage services [10], the larger the user, the build distributed data centers in 
different geographical areas can provide better quality of service . Fig.2. is the storage layer structure. 
Fig.2 Storage layer structure 
(2) Basic management: Cloud-based storage management is the core part is stored in the cloud part of 
the most difficult to achieve. Based management through the clusters, distributed file systems and grid 
computing technology, cloud storage between multiple storage devices to work together, so that multiple 
storage devices can begin to provide the same service, and to provide bigger and more powerful better 
data access performance.Fig.3 is the basic management structure. 
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Fig.3 Basic management structure 
CDN content distribution system, data encryption technology to ensure the data in the cloud storage is 
not accessed by unauthorized users, while, through a variety of data backup and disaster recovery 
technology and measures to ensure that cloud storage is not lost, to ensure that the cloud storage of their 
own security and stability. 
(3) Application interface layer: Cloud storage application interface layer is the most flexible part. 
Different operating units can cloud the actual storage type of business; develop a different application 
service interface provided by different applications. Application platforms such as video surveillance, 
IPTV and video-on-demand application platform, reference platform for network drives, remote data 
backup application platforms. Fig.4 is the application interface layer structure. 
Fig.4 Application interface layer structure 
(4) Access layer: Any authorized user via a standard application interface to log public cloud storage 
system, enjoy cloud storage service. Different operating units of cloud storage, cloud storage to provide 
access to different types and access methods. Through the user access layer, any authorized user can at 
any place, using a networked terminal device, according to the standard application interface to log public 
cloud storage platform, enjoy cloud storage service. 
4. Conclusions 
Cloud computing as an exciting development is a significant alternative today’s educational 
perspective. Cloud storage is not just storage, more applications. Applications stored in the storage device 
is an integrated application software functions of storage, which not only has data storage capabilities, 
also has the application software functions, can be seen as a collection of servers and storage devices. 
Application of storage technology can significantly reduce the amount of cloud storage servers, thereby 
reducing system development costs, reduce the system caused by the server a single point of failure and 
performance bottlenecks, reduce data transmission link, to provide system performance and efficiency, 
and ensure the overall system efficiency stable operation. 
Cloud storage system with traditional storage systems, has the following differences: First, from the 
functional demands, cloud storage systems for many types of network online storage services, such as 
traditional storage system is for high performance computing, transaction processing applications; Second, 
the demand from the performance point of view, you first need to consider cloud storage service is data 
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security, reliability, efficiency and other indicators, and because large-scale users, services a wide range 
of complex network environment, etc., to achieve high-quality cloud storage services will face greater 
technical challenges; third, from data management perspective, cloud storage system must not only 
provide the traditional POSIX-like file access, but also to support the massive data management, and 
support the provision of public services function to facilitate the background cloud data storage system 
maintenance. 
Cloud computing is the most successful application of the search. Search cloud computing is the first 
application, with the search after information can be found, thus causing the information explosion, so the 
search and cloud computing are inseparable. In the cloud computing era, the search will make the search 
request can be done who can understand you want to do, you can understand your search request in the 
implicit demand, these are the challenges facing the search. There are still problems and constraints with 
application offerings, service-level agreements, more importantly security issues. 
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